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表面等离子体激元共振光谱 (Surface Plasmon Resonance，SPR) 是一种灵敏
的光学测量方法，在生物传感，分子特异性相互作用，超薄膜界面等研究中具有
重要的作用。SPR 技术相关研究与应用的关键之一是制备具有 SPR 响应的金属
基底。本论文发展了一种全水相湿化学法构建 SPR 金基底 (SPR-Au) 的方法。
运用 SPR 仪器及电化学循环伏安法表征所制备的 SPR-Au。同时以 SPR-Au 作为
分子自组装的基片，以 11-巯基十一烷酸和 11-巯基十一烷醇为混合双功能试剂，
通过自组装方法制备了细胞色素 c (cyt c) 修饰电极。研究了 cyt c 的直接电化学











能试剂将 cyt c 成功的组装于金电极上，测得覆盖度 *Γ bulk Au = 1.71×10-10 mol/cm2。
cyt c 在电极上表现出良好的氧化还原活性，反应速率 Ks=3.96 s-1。研究结果说明
MUA+MU 混合巯基双功能试剂能有效地促进 cyt c 与金电极之间的电子传递过
程。同时研究结果表明 cyt c 对过氧化氢的还原具有催化作用，恒电位安培法获
得 cyt c 修饰电极对过氧化氢响应浓度的线性范围为 20.0 μmol/L～2.18 mmol/L，
米氏常数 Km=0.35 mmol L-1，证明我们采用的自组装方法使 cyt c 与电极之间有
着良好的亲和性。 
(3)以同样的组装方法对SPR-Au进行修饰，得到cyt c的覆盖度为 SPR-Au 


















上形成亚单层修饰。进一步用流动注射SPR (FI-SPR) 实验证明cyt c为亚单层修

























Surface plasmon resonance (SPR) technique is a surface-sensitive technique based 
on the detection of change in refractive index (RI), which has an important 
significance in the fields of biosensor, biomolecular interactions, and the exceed film 
interphase. One of the key applications of SPR is the preparation of the metal 
substrates. The present study explored a wet-chemical plating method of SPR gold 
substrate based on water phase operation (SPR-Au) and investigated the 
characteristics of the SPR-Au using SPR and cyclic voltammetry. Then we applied the 
SPR gold substrate to fabricate cyt c modified electrode by a self-assembly approach 
(SAM), in which 11-Mercaptoundecanoic acid (MUA) and 11-mercaptoundecanol 
(MU) were used as the mixed bifunctional reagent. Furthermore, we investigated the 
direct electrochemical behaviors of the cyt c on the SAM gold electrode. At last, the 
change of cyt c configuration from oxidized type to reduced type accompanied with 
the reduction of cyt c was observed from EC-SPR. The main results showed as 
follows: 
1. We proposed a wet-chemical plating method of SPR gold substrate based on 
water phase operation (SPR-Au), which overcame the dependency of large-scale 
equipments to fabricate the SPR gold substrate using vacuum sputtering and the 
inconvenience of regulating the microstructure. Firstly, we silanized the glasses, on 
which we self-assebled a gold monolayer with relatively larger surface coverage rate, 
by using 2.5 nm diameter gold nanoparticles as the core particle. Then at room 
temperature, we utilized chemical plating to promote the gold monolayer to accrete 
equably, the thickness of the film within the nanometer scale can meet the need of the 
SPR by controlling the plating time. The method tided over some defects when we 
utilized organic solutions to prepare substrate, such as the low success ratio and the 
pollution to following experimental system, etc.. The method afforded facile control 
of both the thickness and the surface roughness of the resulting gold films on the 


















successfully assembled onto the Au electrode, whose coverage rate was SPR-Au = 
 o h
-chemical plating method of SPR gold substrate 
ba
Keywords: Wet chemical plating, Cytochrome c (cyt c), Bifunctional reagent, 
2. Using the 11-Mercaptoundecanoic acid (MUA) and 11-mercaptoundecanol (MU) 
as bifunctional reagent, we successfully assembled the cyt c on the gold electrode, 
whose coverage rate is bulk Au= 1.71×10-10 mol/cm2. On the electrode, cyt c showed 
an outstanding oxidation-reduction activity, whose reaction rate is Ks= 3.96 s . This 
result demonstrated that 11-Mercaptoundecanoic acid (MUA) and 
11-mercaptoundecanol (MU) effectively promoted the the direct electron transfer 
(DET) between cyt c and the gold electrode. Meanwhile, we explored the catalysis of 
cyt c with the reduced of the hydrogen peroxide, The amperometric current had a 
linear relationship with the concentration of H2O2 from 20.0 μmol/L to 2.18 mmol/L , 
and the michaelis constant Km= 0.35mmol/L, the result demonstrated that the 
self-assembly method promoted the appetency between cyt c and the electrode. 
*Γ
3. We applied this method of self-assembly on the SPR-Au, then the cyt c was 
1.02×10-11 mol/cm2. Comparing with the theoretical coverage rate (1.53×10-11 
mol/cm2) f cyt c, we could find that cyt c on the SPR-Au was modified wit  
sub-monolayer. When the cyt c was assembled by in-situ flow inject SPR, the result 
also showed that cyt c is modified with sub-monolayer. After that, the change of cyt c 
configuration from oxidized type to reduced type accompanied with the reduction of 
cyt c was observed from EC-SPR.  
The present study explored a wet
*Γ
sed on water phase operation. We presented a SAM method to prepare cyt c 
sub-monolayer film (Au/MUA+MU/cyt c) whose environment is more similar with 
that in the organism. The work had an important significance for the thorough 
studying of the biochemistry system. 
 














第一章 绪 论 















面和电极表面的各种平均信息[5]。20 世纪 60 年代开始发展起来的原位光谱电化
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